We reevaluated waist circumference as a diagnostic criterion of metabolic syndrome (MetS) in Japanese. Methods: We enrolled 5,571 subjects (3,148 men and 2,423 women) who had health check-ups in our center. The criterion was reevaluated using the positive predictive value of a receiver-operating characteristics (ROC) curve at 10 different hypothesized lengths of waist circumference with or without a cluster of risk factors. We also drew ROC curves based on the atherosclerotic findings of clinical examinations. Results: Based on the ROC curves, the optimal waist circumference cut-off was 85 cm in men and 80 cm in women. Using this 80 cm cut-off point in women, misdiagnosis rates of MetS were lowered ( 19.1-56.6%) compared to the cut-off point currently in use. Integrating the influence of height, namely by using a waist-to-height 2 ratio, misdiagnosis rates in shorter populations were decreased in both men and women. Conclusion: These data suggested an optimal waist circumference cut-off to improve the diagnostic probability of MetS in Japanese women of 80 cm, as well as the utility of an easily detected anthropometric index such as a waist-to-height (cm 100/cm) or waist-to-height 2 (cm 10,000/cm 2 ) ratio, determined as 51 in men and 52 in women, or 30 in men and 33 in women, respectively.
Introduction
Metabolic syndrome (MetS) is now considered one of the major risks for cardiovascular disease [1] [2] [3] [4] . Its diagnostic criteria were first defined and institutionalized by the World Health Organization (WHO) 5) , and similar criteria were proposed by other worldwide organizations [6] [7] [8] . According to the guidelines proposed in Japan 8) , visceral fat obesity is the essential element, detected as a waist circumference of over 85 cm in men Furthermore, it has been reported that individuals' heights might need to be taken into account, and a waist-to-height ratio has been proposed as the most effective anthropometric index in screening for MetS among Japanese 12) . In this article, we investigated the optimal waist circumference cut-off as a criterion for MetS by reviewing the medical records of 5,571 subjects in our center, and reevaluated the diagnostic probability of MetS using a receiver-operating characteristics (ROC) curve. We propose here an optimal cut-off point of waist circumference for Japanese subjects, and suggest the utility of a waist-to-height 2 (cm 10,000/cm 2 ) as well as a waist-to-height (cm 100/cm) ratio to increase the sensitivity of the diagnosis.
Methods

Subjects and Diagnosis of MetS
We enrolled 5,571 subjects (3,148 men, 2,423 female) who visited our center for health check-ups from 2005 to 2007. Clinical characteristics of the subjects are listed in Table 1 , and the numbers of the subjects who underwent clinical examinations of atherosclerotic changes are summarized in Table 2 .
We measured waist circumference at the umbilical level during the exhalation phase. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured by an automatic electronic sphygmomanometer (OMRON HEM-907) in the sitting position after resting for at least 5 min. Plasma glucose and serum lipids were assayed in all subjects using peripheral blood samples obtained after overnight fasting. MetS was defined as a waist circumference ≥ 85 cm in men; ≥ 90 cm in women, plus any two of the following risk factors (i) raised blood pressure, e.g., SBP ≥ 130 mmHg or DBP ≥ 85 mmHg, or both; (ii) dyslipidemia, such as high triglyceride (TG), e.g., TG ≥ 150 mg/dL or low high-density lipoprotein (HDL) cholesterol, e.g., serum HDL cholesterol 40 mg/dL, or both; and (iii) raised fasting glucose, e.g., serum glucose concentration ≥ 110 mg/dL 8) .
Analysis of the Atherosclerotic Changes
Subjects were checked by ocular fundus photography, electrocardiography (ECG), brain magnetic resonance imaging (MRI), brain magnetic resonance angiography (MRA), and echography of the common carotid artery (ECCA) ( Table 2) . We defined atherosclerotic changes as over grade 1 according to Scheie's classification based on ocular fundus photography; as abnormal ST changes and abnormal Q wave patterns based on ECG; as cerebral infarctions including lacuna infarctions based on brain MRI, and rough surfaces or obstructions of major arteries based on MRA; and as maximal intima-media thickness (IMT) of over 1.1 mm and/or plaques based on ECCA. These identifications were made by a clinician and paramedics, and confirmed by another clinician.
The study protocol was approved by our ethics committee and carried out in accordance with the principles of the Declaration of Helsinki as revised in 2000, and all participants were fully informed. 
Analysis for the ROC Curves
We selected 10 different waist circumferences, from 72 cm to 95 cm (72 cm, 75 cm, 77 cm, 80 cm, 82 cm, 85 cm, 88 cm, 90 cm, 93 cm, and 95 cm), calculated both the sensitivity and specificity based on those who have any two or more of the risk factors (raised blood pressure, dyslipidemia, and raised fasting glucose), and drew ROC curves. Sensitivity was calculated by dividing the number of subjects who were positive for abnormalities by the number of subjects for each of the 10 different waist circumferences. Specificity was calculated by dividing the number of subjects with a negative result by the number of subjects with each waist circumference. Likewise, we calculated both sensitivity and specificity for those found to have atherosclerotic changes based on ocular fundus photography, ECG, brain MRI, brain MRA, and ECCA, then drew ROC curves. ROC analysis is a statistical representation of the relationship between false-positive and true-positive rates. We picked the positive predictive value that was closest to the upper left corner of the curves as the cut-off point, a location indicating nearly 80% sensitivity and maximal specificity.
Analysis for the Utility of Height
To investigate the influence of height, waist (cm) 100 was divided by height (cm), and waist (cm) 10,000 was divided by height (cm) squared. We reevaluated pseudo-negative rates, interpreted as misdiagnosis rates, of the cluster of any two of the three risk factors in 6 sectors of height (-154.9 cm, 155-159.9 cm, 160-164.9 cm, 165-169.9 cm, 170-174.9 cm, 175 cm-) in men, and in 5 sectors of height (-144.9 cm, 145-149.9 cm, 150-154.9 cm, 155-159.9 cm, 160 cm-) in women under the hypothesized waist circumferences stated above.
The ROC curves were drawn to detect optimal cut-off points for 6 different waist-to-height ratios (40, 45, 50, 52, 55, 60), and 7 different waist-to-height 2 ratios (20, 25, 28, 30, 33, 35, 40). In these ROC curves, we picked the positive predictive value that was closest to the upper left corner of the curves as the cutoff point.
Results
Optimal Waist Circumference
The cut-off point of waist circumference observed from ROC curves of the cluster of risk factors was 86 cm (sensitivity 0.71, specificity 0.63) in men and 81 cm (sensitivity 0.74, specificity 0.76) in women (Fig. 1,  Table 3 ). The yield of each cut-off point in the atherosclerosis examinations is summarized in Table 3 . Arrows indicate the optimal cut-off points for waist circumference from the presence of risk factors. Values in parentheses indicate both sensitivity and specificity. The data from MRI and ECCA in men did not provide a clear ROC curve, and thus were omitted. The average cut-off points for the cluster of risk factors and atherosclerosis examinations were 85.9 cm in men and 81.3 cm in women. To make a simple comparison with the currently used MetS criteria, we adjusted the waist circumference to 85 cm (sensitivity 0.79, specificity 0.55) in men and hypothesized 80 cm (sensitivity 0.80, specificity 0.71) as the optimal waist circumference in women for further evaluations.
Misdiagnosis Rates
When taking the currently used 90 cm as evidence of visceral fat obesity in women, misdiagnosis rates for each parameter reached 60.0 to 83.3% (Table 4) . With the newly hypothesized waist circumference (80 cm), the misdiagnosis rates fell to between 20.0 and 57.1% ( 19.1-56.6% reduction), which resembled the misdiagnosis rates in men.
Influence of Height
The misdiagnosis rates were lowered by using waist-to-height ratios in shorter subjects, namely those under 165 cm in men and under 155 cm in women. Using waist-to-height 2 ratios, the misdiagnosis rates in those subjects were further reduced (Fig. 2, 3) . In women, use of the newly hypothesized waist circumference (80 cm) resulted in a significant reduction in misdiagnosis rates compared with the use of 90 cm (Fig. 3) .
The optimal cut-off points from ROC curves of the waist-to-height ratio were determined to be 51 (sensitivity 0.73, specificity 0.63) in men and 52 (sensitivity 0.77, specificity 0.77) in women, while those of the waist-to-height 2 ratio were 30 (sensitivity 0.72, specificity 0.61) in men and 33 (sensitivity 0.79, specificity 0.75) in women (Fig. 4, 5) .
Discussion
The waist circumference cut-off currently used Misdiagnosis rates for the currently used waist cut-off (85 cm) are indicated as with a dotted line. Misdiagnosis rates for the waistto-height ratio (cm 100/cm) are indicated as , and those for the waist-to-height 2 ratio (cm 10,000/cm 2 ) as with fine and dark lines, respectively. Misdiagnosis rates for the currently used waist circumference (90 cm) are indicated as , and those for the hypothesized waist circumference (80 cm) as small with fine and dark dotted line, respectively. Misdiagnosis rates for the waist-to-height ratio (cm 100/cm) are indicated as , and those for the waist-to-height for the diagnosis of MetS in Japan was established by a peculiar method, an evaluation of visceral fat based on CT scanning 9) , hence women's waist circumferences had been proposed to be greater than men's. Yet, in terms of validity and coordination between the Japanese criteria and those of the WHO 5) , the Third Report of the National Cholesterol Education Program's Adult Treatment Panel (NCEP-ATP ) 6) , and the International Diabetes Federation (IDF) 7) , the waist circumference cut-off for Japaneses women is controversial 10, 11) . If a less sensitive cut-off point was used, women with MetS might be misdiagnosed, even though risk factors were clustered. Reevaluating this issue using ROC curves, we hypothesized an optimal cut-off point for women's waist circumferences that is 10 cm shorter than the value currently used, which is the exact cutoff that the recent IDF statement has recommended for Japanese women 13) . Using this newly hypothesized waist circumference, misdiagnosis rates were remarkably reduced (Fig. 3) .
The need to lower the cut-off point for waist circumference in Japanese women had been indicated elsewhere. Hara et al. reevaluated waist circumference using ROC curves in 692 subjects aged 30 to 80, and reported that 83 to 85 cm in men and 73 to 78 cm in women reflected a risk of cardiovascular events 10) . Miyawaki et al. investigated 2,947 men and 627 women aged 40 to 59, and found, based on ROC curves with the presence of at least two risk factors for MetS, the cut-off point to be 86 cm in men and 77 cm in women, which corresponded to a visceral fat area of 100 cm 2 in men (sensitivity 0.67, specificity 0.60) and 65 cm 2 in women (sensitivity 0.73, specificity 0.70), respectively 14) . These findings may support that our newly proposed waist circumference is optimal for preventing the misdiagnosis of MetS in women. Also, use of the 90 cm cut-off might explain the low prevalence (10.3%) of detection of MetS among 3,146 women compared to that (30.2%) among 3,839 men in the Okinawa area 15) . However, we have not evaluated the difference between pre-and post-menopausal women, and aging might be another factor.
Even though the optimal waist circumference cutoff obtained was much stricter than the one currently used, there is still the possibility that it may not thoroughly screen for MetS in shorter subjects 12) . Thus, we considered the influence of height in defining MetS criteria in shorter persons of both genders using weightto-height and weight-to-height 2 ratios. As shown in the results, the misdiagnosis rates were markedly reduced for subjects under 165 cm in men and 155 cm in women, which are commonly seen heights in middleaged Japanese. Interestingly, by dividing by height squared, we observed a remarkable reduction in misdiagnosis rates in these shorter populations. When we reevaluated these simple and sensitive clinical anthropometric indexes as shown in Fig. 4, 5 , we obtained better sensitivity and specificity for waist-to-height and waist-to-height 2 ratios (Fig. 2, 3 ). In conclusion, we propose new optimal waist circumference cut-off points to improve the diagnostic probability of MetS in Japanese: 85 cm in men and 80 cm in women. Assuming the influence of height, we also showed the utility of waist-to-height (cm 100/ cm) and waist-to-height 2 (cm 10,000/cm 2 ) ratios, the optimal cut-off values of which were determined to be Arrows indicate the cut-off points of the waist-to-height ratio (cm 100/cm). Values in parentheses indicate both sensitivity and specificity. Arrows indicate the cut-off points of the waist-to-height 2 ratio (cm 10,000/cm 2 ). Values in parentheses indicate both sensitivity and specificity.
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